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(54) Method of manufacturing an articulating bearing surface for an orthopaedic implant 



(57) A method of manufacturing an articulating 
bearing surface for use in an orthopaedic implant uses 
a supply of ultra-high molecular weight polyethylene 
particles which are irradiated with sufficient radiation 



energy to crosslink at least a portion of the ultra-high 
molecular weight polyethylene. The irradiated particles 
are then formed into an orthopaedic bearing surface. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

[0001] The present invention relates to orthopaedic 
implants, and, more particularly, to articulating bearing 
surfaces for orthopaedic implants. 

2. Description of the Related Art. 

[0002] Orthopaedic implants used to reconstruct a 
joint of a patient typically include two implant halves with 
each implant half defining an articulating bearing sur- 
face. For example, an orthopaedic knee implant 
includes a proximal component which is placed within 
the femur and a distal component which is placed within 
the tibia. The proximal component typically includes a 
metallic articulating bearing surface which pivots on a 
non-metallic articulating bearing surface defined by the 
tibial knee component. The non-metallic bearing sur- 
face may be formed from a block of ultra-high molecular 
weight polyethylene (UHMWPE) which is machined to 
define the articulating bearing surface. The non-metallic 
bearing surface is attached to and carried by a tibial tray, 
which in turn is affixed to a stem inserted within the 
intramedullary canal (IM) of the tibia. 
[0003] It is known to irradiate a bearing surface con- 
structed from UHMWPE to crosslink the plastic material 
and improve the wear properties. The bearing surface is 
formed to a final shape and the entire bearing surface is 
irradiated. The penetration of the radiation depends 
upon factors such as the radiation energy, shape of the 
bearing surface, etc. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides a method of 
manufacturing an articulating bearing surface for use in 
an orthopaedic implant, wherein UHMWPE particles 
such as powder or flakes are irradiated prior to being 
shaped into the bearing surface. 
[0005] The invention comprises, in one form 
thereof, a method of manufacturing an articulating bear- 
ing surface for use in an orthopaedic implant. A supply 
of UHMWPE particles are irradiated with sufficient radi- 
ation energy to crosslink at least a portion of the 
UHMWPE. The irradiated particles are then formed into 
an orthopaedic bearing surface. 
[0006] An advantage of the present invention is that 
irradiation of the UHMWPE can be better controlled. 
[0007] Another advantage is that crosslinking of the 
UHMWPE is accomplished without consideration of the 
geometric configuration of the articulating bearing sur- 
face. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The above-mentioned and other features 
and advantages of this invention, and the manner of 
s attaining them, will become more apparent and the 
invention will be better understood by reference to the 
following description of an embodiment of the invention 
taken in conjunction with the accompanying drawings, 
wherein: 

10 

Fig. 1 is a schematic view of an apparatus utilized in 
an embodiment of the method of the present inven- 
tion for crosslinking UHMWPE used to make an 
articulating bearing surface; 
15 Fig. 2 is a plan view of a compression mold and 
heated platen assembly used to form the 
crosslinked UHMWPE into an articulating bearing 
surface; and 

Fig. 3 is a perspective view of an articulating bear- 
20 ing surface formed using the apparatus of Fig. 1 
and the compression mold of Fig. 2, shown in asso- 
ciation with a tibial tray. 

[0009] Corresponding reference characters indi- 
25 cate corresponding parts throughout the several views. 
The exemplification set out herein illustrates one pre- 
ferred embodiment of the invention, in one form, and 
such exemplification is not to be construed as limiting 
the scope of the invention in any manner. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] Referring now to the drawings, an embodi- 
ment of the method of the present invention for forming 

35 an orthopaedic articulating bearing surface of the 
present invention will be described. 
[0011] Packets 10 include a supply of UHMWPE 
particles 12 such as powder and/or flakes. Packets 10 
are formed from a radiolucent material such as plastic 

40 which allows radiation energy to impinge upon particles 
12therein. Packets 12maybe sealed using any suitable 
technique, such as heat or ultrasonic welding. Particles 
12 may have a size and shape which is suitable for any 
orthopaedic application utilizing an articulating bearing 

45 surface. For example, particles 12 may have a size 
which is between approximately 50 and 200 microns. 
[0012] Packets 10 are preferably sized to hold an 
amount of UHMWPE particles 12 which is sufficient to 
form a desired articulating bearing surface. That is, 

so each packet 1 0 preferably holds an amount correspond- 
ing to a single charge of a compression mold, as will be 
described hereinafter. 

[0013] Packets 1 0 are carried by a conveyor belt 1 4 
which moves in a traveling direction 16. Each packet 10 
55 is carried to an interior of an irradiation apparatus 18, 
including a radiation source 20 and a gas port 22. Gas 
port 22 is used for reducing an amount of oxygen which 
is present within irradiating apparatus 18 during irradia- 
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tion of packets 1 0 with radiation source 20. For exam- 
ple, gas port 22 may be used for transporting an inert 
gas such as nitrogen or argon into an interior of irradiat- 
ing apparatus 18. A reduced oxygen atmosphere within 
irradiating apparatus 1 8 inhibits oxidation of particles 1 2 5 
within packets 1 0. Alternatively, gas port 22 may be uti- 
lized to draw a vacuum on the interior of irradiating 
apparatus 1 8 to reduce the oxygen atmosphere therein. 
If the material from which packet 10 is constructed is not 
gas permeable, it may also be possible to load the inte- w 
rior of each packet 1 0 with an inert gas around particles 
12, thereby eliminating the need for reducing the oxy- 
gen atmosphere within irradiating apparatus 18. 

[0014] Radiation source 20 transmits radiation 
energy which impinges upon particles 12 within packet 15 
10 disposed within irradiating apparatus 18. Radiation 
source 20 irradiates particles 12 within packet 10 with a 
sufficient amount of radiation energy to crosslink at 
least a portion of the UHMWPE from which particles 12 
are constructed. Dependent upon the amount of radia- 20 
tion energy used during the crosslinking process, the 
penetration depth of the radiation energy into particles 
12 within packet 10 varies. Preferably enough radiation 
energy is used to crosslink substantially all of particles 
12 within packet 10. The radiation energy preferably is 25 
in the form of gamma ray or X-ray radiation, but may 
also be in the form of ultra-violet radiation, or a radiation 
beam such as a neutron particle beam, proton particle 
beam or electron particle beam. In the embodiment 
shown, the UHMWPE particles 12 within packet 10 are 30 
crosslinked using a 10 MeV electron beam providing a 
total radiation dose level of between approximately 25 
and 500 KGy preferably between 100 and 250 KGy, and 
more preferably between 140 and 180 KGy. 
[0015] After a packet 10 disposed within irradiating 35 
apparatus 18 is crosslinked using radiation energy from 
radiation source 20, conveyor belt 14 moves the 
crosslinked packet 10 out of irradiating apparatus 18 
and another packet 1 0 is moved into irradiating appara- 
tus 18 for crosslinking. The crosslinking of the 40 
UHMWPE particles 12 within each packet 10 therefore 
occurs in a batch manner It may also be possible to 
crosslink UHMWPE particles 12 in a continuous man- 
ner if particles 1 2 are not disposed within packets, but 
rather are carried in a continuous manner in a thin layer 45 
on conveyor belt 14 through irradiating apparatus 18. 
The radiation energy and the travel speed of conveyor 
belt 14 can be easily matched to provide effective 
crosslinking of the UHMWPE particles 12 if a continu- 
ous process is utilized. 50 
[0016] After UHMWPE particles 12 are crosslinked 
using radiation energy, the particles 12 are molded to 
form an articular surface. The particles 12 may be emp- 
tied from the packets 10 or molded while still in the 
packets. The particles, or particles and packets, are 55 
placed within a compression mold 24 having two mold 
halves 26 and 28 which define a mold cavity 30 therebe- 
tween. The portion of mold cavity 30 defined by mold 



half 26 includes a complimentary articulating bearing 
surface 33 against which particles 12 are pressed to 
define an articulating bearing surface 33 (Fig. 3). A gas 
port 34 is used to reduce the amount of oxygen within 
mold cavity 30. Reducing the amount of oxygen within 
mold cavity 30 during the manufacturing process inhib- 
its oxidation of the UHMWPE particles 12. The oxygen 
within mold cavity 30 may be reduced by applying a vac- 
uum pressure to mold cavity 30 using a vacuum source 
(not shown) attached to gas port 34 disposed in com- 
munication with mold cavity 30. Alternatively, an inert 
gas such as nitrogen or argon may be introduced into 
mold cavity 30 through gas port 34. 

[0017] Mold halves 26 and 28 are assembled 
together and placed between platens 36 which provide 
the dual functionality of pressing mold halves 26 and 28 
together (indicated by lines 38), as well as heating mold 
halves 26 and 28 through heat transfer primarily via 
conduction. Each platen 36 includes an integral heater 
(not shown) which is connected to a source of electrical 
power, such as through electrical conductors 40. 
[0018] Particles 12 are simultaneously pressed 
together and heated above the melting point of the 
UHMWPE so that a net shaped articulating bearing sur- 
face 33 is formed. Heating the UHMWPE above its melt- 
ing point allows free radicals in the UHMWPE formed 
during the crosslinking step to react with other free rad- 
icals in the UHMWPE, thereby forming a stable bond. 
The amount of time required during the forming process 
may take from a few minutes to several hours, depend- 
ing upon whether the temperature of the UHMWPE is 
raised substantially above the melting point thereof, or 
is maintained at or slightly below the melting point 
thereof. 

[0019] After the net shaped articulating bearing sur- 
face 33 is formed with compression mold 24, articulat- 
ing bearing surface 33 is cooled and removed from 
within compression mold 24. A portion of articulating 
bearing surface 33 is machined using any suitable 
machining process to allow articulating bearing surface 
33 to mate with an orthopaedic implant, such as tibial 
knee implant 42 shown in Fig. 3. For example, the por- 
tion of articulating bearing surface 33 on the bottom 
side of phantom line 44 (as viewed in Fig. 3) may be 
shaped and/or removed using a suitable machining 
process to allow articulating bearing surface 33 to mate 
with tibial knee implant 42. Of course, tibial knee implant 
33 may be machined to define suitable keying and/or 
interlocking structures for interconnection with tibial 
knee implant 42. 

[0020] In the embodiment shown, UHMWPE parti- 
cles 12 are formed into articulating bearing surface 33 
using compression mold 24. However, other suitable 
reforming methods may be used which apply heat and 
pressure, such as isostatic forming techniques, stamp- 
ing, thermal forming, etc. 

[0021] While this invention has been described as 
having a preferred design, the present invention can be 
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further modified within the spirit and scope of this disclo- 
sure. This application is therefore intended to cover any 
variations, uses, or adaptations of the invention using its 
general principles. Further, this application is intended 
to cover such departures from the present disclosure as 5 
come within known or customary practice in the art to 
which this invention pertains and which fall within the 
limits of the appended claims. 

Claims 10 

1. A method of manufacturing an articulating bearing 
surface for use in an orthopaedic implant, compris- 
ing the steps of: 

15 

providing a supply of ultra-high molecular 
weight polyethylene particles; 
irradiating said particles with sufficient radia- 
tion energy to crosslink at least a portion of 
said ultra-high molecular weight polyethylene; 20 
and 

forming said irradiated particles into the articu- 
lating bearing surface. 

2. The method of claim 1 , wherein said forming step 25 
comprises the substeps of: 

placing said irradiated particles into a mold; 
pressing said irradiated particles within said 
mold; and 30 
heating said particles within said mold. 

3. The method of claim 2, wherein said block is heated 
above the melting point of said ultra-high molecular 
weight polyethylene. 35 

4. The method of claim 2, wherein said mold com- 
prises a compression mold. 

5. The method of claim 1 , wherein said particles com- 40 
prise at least one of powder and flakes. 

6. The method of claim 1 , wherein said supply of par- 
ticles comprises packets and said irradiating step 
comprises irradiating said particles within said 45 
packets. 

7. The method of claim 6, wherein said supply of par- 
ticles is formed by placing said packets of particles 

in a mold and pressing and heating the packet and 50 
particles within the mold. 

8. The method of claim 1 , wherein said irradiating step 
comprises irradiating said particles with sufficient 
radiation energy to crosslink substantially all of said 55 
ultra-high molecular weight polyethylene. 

9. The method of claim 1 , comprising the further step 



of reducing an amount of oxygen in an ambient 
atmosphere around said particles during said irradi- 
ating step. 

10. The method of claim 9, wherein said step of reduc- 
ing the amount of oxygen within said reforming 
apparatus comprises bathing said particles in an 
inert gas. 

11. The method of claim 1, wherein said radiation 
energy consists of one of gamma rays, X-rays, 
ultraviolet radiation, neutron particle beam, proton 
particle beam and electron particle beam. 

12. The method of claim 1, wherein said articulating 
bearing surface is configured for use with a tibial 
knee implant. 
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